such as the so-called psychoneuroses and neurasthenias, little has been accomplished in the treatment or prevention of the mental disorders included under the term psychoses. Consequently, psychiatrists are still searching for other ways of solving the problem of mental disorders.
Dramatic impetus has been given to an interest in the methods of physics and biochemistry by the extraordinary, if transient, relief of symptoms induced by insulin or metrazol or electric shock. Unfortunately this interest tends to be as transient as the periods of symptomatic relief in the patients. The fact, however, that chemical and physical methods can produce these striking changes should lead to a thorough exploration of biochemistry and physics in relation to mental processes in an effort to find more effective methods of treatment.
Of the numerous ramifications of biochemistry the development of our knowledge of energy exchange in man and animals may be chosen as an excellent example of the intimate relations between behavior and the chemistry of the body. Originally this process was conceived of as being relatively simple; calories as food when burned in the body produced an output of energy which could be measured in units of heat and of work. The elucidation of the steps involved in this energy exchange has opened whole new fields in chemistry and in medicine. Yet many gaps remain to be filled. Numerous contributions from these fields are important for psychiatry and will probably be even more important in the future.
The recognition of the importance of thyroid disorders in producing states of excitement or lethargy is one of the most brilliant contributions that may be cited. Not many years have elapsed since the time when patients with myxedema and hyperthyroidism could be found immured in mental hospitals along with the stuporous and excited states of unknown etiology. Although methods for the diagnosis and treatment of thyroid diseases have been remarkably advanced, much remains to be learned. Many patients in states of lethargy and with low basal metabolic rates do not respond to treatment with thyroid hormone and presumably do not have thyroid deficiency. Again, many excited and agitated patients appear to have hyperthyroidism with basal metabolic rates above normal, yet removal of their thyroid glands does not relieve their symptoms. These patients are frequently mistreated because of the lack of methods for determining the amount of thyroid activity.
While it has long been known that iodine constituted a unique part of the thyroid hormone, the determination of blood iodine as an index of the amount of hormone has only recently been possible due to the technical difficulties of microchemistry. Man and Riggs, 22' 23, 24 working in the Yale Department of Psychiatry, have devised a practical method for determining the protein-bound iodine in serum and have shown that this fraction can be employed as a measure of the amount of active thyroid hormone. That this method is useful in the study of excited and of depressed patients is shown by the following examples.
In Figure 1 are shown the data from the study of a 12-year-old girl who was referred to Our observations, on the other hand, suggest that most of the administered thyroid has been broken up and the iodine released, thus elevating the total iodine but not increasing the hormonal iodine as much in this patient.
In connection with the biochemistry of thyroid disorders it should also be emphasized that these conditions are often precipitated by emotional conflicts. Consequently, one has the opportunity to observe the interplay of constitutional predisposition, environmental difficulties both psychological and dietary, and 'biochemical factors which enter into the process of making the person sick.
Only one aspect, however, of the problem of energy exchanges in man is illuminated by the advances in the biochemistry of the thyroid.
One of the most common complaints which physicians are asked to relieve is that of lack of energy. While it is well known that any disturbance of the delicately balanced chemical and physiological arrangements of the body may produce varying degrees of diminution in energy output, a large proportion of these patients who lack energy do not appear to suffer from any of the known organic diseases. Many of these patients are eventually referred to the psychiatrist. As a considerable number of them are seriously incapacitated for months or years, no matter what psychotherapeutic methods may be employed, the psychiatrists have had ample opportunity to observe the course of these conditions.
We have learned that the ability or the lack of ability to convert food into a large amount of work or play tends to be characteristic of certain families and that in members of such families high levels of activity may not be sustained but are interrupted by periods of inactivity. We have also observed that these cyclic disorders are more common in women and in people with stocky body-build. ' waiting for their wives to be delivered of babies, were commonly followed by hyperglycemia. On the other hand, the pathological emotional states of excitement or depression or agitation in patients rarely produced hyperglycemia. It is evident, therefore, that the abnormality in these patients lies in their failure to mobilize sufficient sugar to raise the blood levels no matter how extreme their apparent emotional excitement may be.
Investigations of sugar tolerance curves have yielded conflicting results. It now appears, however, that if allowance is made for the nutritional status, the nature of the diet, and disturbances in intestinal motility (the latter can be ruled out by using the intravenous technic),16 the sugar tolerance curves in excited and depressed patients are rarely remarkable. The defect, therefore, probably lies in the nervous regulation of carbohydrate mobilization. One group of patients has low levels of blood sugar and has spells of weakness unless frequently fed. Another group of these patients eat large amounts of food to relieve emotional tension, although the blood sugar levels may be high normal. Such patients are frequently obese and become increasingly so with the passage of years. Diabetes mellitus not infrequently develops in this latter group.
The recent developments in still another branch of biochemistry, i.e., the vitamin field, have given us new insight into a certain small group of patients suffering from lethargy and hypochondriasis, for these symptoms may be due to partial deficiencies in B1, nicotinic acid, and other factors of the B complex. It must, however, be stressed that most of the patients with depression of mood and energy do not respond to vitamin therapy.
On the other hand, the fact that B complex deficiencies can produce symptoms of depression indistinguishable from those of unknown etiology should lead us to look for other as yet unknown enzyme deficiencies in our patients.
Ever since Thudichum's brilliant and meticulous work, 1865-84, revealed that a considerable portion of nervous tissue was lipoid in nature there has been much speculation as to the role that lipoid substances must play in brain activity. More recently Bloor and co-workers', 2 and Brown5 have contributed evidence that tissue activity and even the activity of the whole animal are in some way dependent on the amount and character of the lipoids which they may contain. These observations have led to numerous investigations of lipoid metabolism in mentally ill patients and particularly in those who suffer marked fluctuations in activity and also commonly have remarkable variations in body weight. have low lipoids while those with stocky or pyknic physiques have high lipoids (Figure 3) . In women the same relation appears to hold but is more difficult to demonchardof Jubjbots. converse.
These findings proved of interest in connection with two groups of patients."2 The patients of Group I, although endowed with a high energy output, suffer from marked fluctuations in this output. These patients tend to be stocky in physique and to have high lipoids; and they contrast strikingly with the second group who appear never to have had much energy and who are leptosomic in build. These two groups of patients have different sorts of mental symptoms. As can be seen in Figure 5 , Group I, the manic depressive patients had high lipoids, while the schizophrenic patients, Group II, had low lipoids. It is noteworthy that mixtures of these mental symptoms may occur in patients, in which cases the lipoids may or may not be high or low. These patients with manic depressive and schizophrenic disorders have been followed for five to ten years after the beginning of their illnesses in order to determine whether there was any relation between the level of serum lipoids and the outcome. The majority of the patients with high lipoids have experienced apparently complete remissions, while those with low lipoids have had incomplete or no remissions.11 These findings are necessarily empirical and the underlying biochemistry of these relations awaits clarification. Some order may be introduced into this problem by utilizing a hypothesis introduced some years ago by Kahn.'3 According to this conception, people are endowed with certain constitutional potentialities which determine their development as regards physique, temperament, capacity for growth, output of energy, resistance to disease, ability to recover from disease, etc. Some of these may be recognized at present but others must await advances in the biochemistry of constitution for further definition. For the present there appear to be pyknophilic potentialities which are represented anatomically by pyknic body build, in terms of behaviotr by warmth of temperament, by high energy output, including sex drive, by strong resistance to disease, and by remarkable capacity for recovery if overwhelmed by disease. That high lipoids may well represent a biochemical measure of pyknophilic potentialities is suggested by the studies just described where they were found in the pyknic people with high energy output and in the patients who proved to have a high capacity for recovery. Deficiency in these qualities may be considered the result of the predominance of leptophilic over pyknophilic potentialities. The presence of leptophilic potentialities is indicated by leptosomic physique, cool temperament, low output of energy, weak sex drive, low resistance to disease, and poor capacity for recovery or restitution. In line with this evidence low serum lipoids would constitute another evidence of leptophilic potentialities.
From what we know of body chemistry the structure of cells and tissues depends primarily on the structural arrangements of protein molecules. There is evidence, however, that the lipoids are in some way fitted into the intricacies of these patterns. Consequently, the amount and nature of lipoids in a tissue may well depend in part on these protein arrangements. Thus, the serum lipoids may reflect fundamental constitutional qualities because of their intimate ties with the structural protein.
From these considerations it would appear obvious that the next step in attempting to estimate pyknophilic potentialities in biochemical terms would lie in the direction of protein chemistry and particularly in stereo-chemistry and in stoichio-chemistry.
While the field of structural protein chemistry is advancing with all its implications, the biochemist in psychiatry is not allowed to forget the rapid development of endocrinology with the discovery of new hormones, many of which are apparently derived from cholesterol. Deficiencies in some part of the adrenal cortical hormones may account for some of the chronic states of weakness and depression in patients. At present, however, the available adrenal cortical substances appear to have little effect in these patients. The effects of new fractions, like Kendall's E substance,14 should be investigated when such substances become available.
In discussing some of the ways of approaching the problem of energy exchange it has been necessary to leave out reference to much of the work on the effects of environment on body chemistry, such as prolonged emotional stimuli and changes in weather, particularly heat and cold.
The problems relating to the nervous control of body chemistry have also scarcely been touched upon. The studies of Brobeck, Tepperman, and Long4 on the effects of hypothalamic lesions on appetite and, in turn, on the body weight of animals, have important implications for psychiatry where gross disturbances in appetite are common phenomena.
The examples chosen for discussion in this paper represent a few of the more concrete and simple contributions of biochemistry to psychiatry. Present-day biochemistry is actually in its infancy. Some of the cruder elements that make up the living animal have been discovered and roughly measured. But only a beginning has been made in the exploration of the delicate but extremely active and complex chemical systems that determine the functions of the living organism. The developments of recent years have been so extraordinary and numerous that we can only guess at their implications for psychiatry.
The brilliant experiments of Schoenheimer and his co-workers with isotopes of various kinds, including fatty acids and amino acids, have revealed continuous chemical changes to be taking place in the lipoid and protein structures of the body that were formerly looked upon as relatively inert tissues. Yet in spite of this continual change the structure as well as the steady state of the living organism persists. In the light of these observations chemical analysis of the blood at suitable intervals will yield more information with regard to body structure, i.e., constitution, than was formerly thought possible.
While these advances in the chemistry of structure and integration in the living organism are occurring, many chemicals are being discovered or synthesized which are peculiarly effective in disturbing the organizing forces of nature. At present the production of powerful enzymes and hormones appears to be out-stripping our knowledge of structure and function. On the physician will fall the responsibility for seeing that these new and potent substances do not injure, rather than restore, his patients.
